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(54) Cerium-Zirconium composite metal oxide with a cerium oxide core surrounded by zirconium 
oxide 



(57) A cerium-zirconium composite metal oxide 
having improved durability at high temperature and a 
stable oxygen storage capacity is provided. The cerium- 
zirconium composite metal oxide is characterized in that 
the total mole number of Ce and Zr is at least 85% based 
on the total mole number of metal in the composite metal 
oxide, a molar ratio Ce/zr is within a range from 1/9 to 
9/1 , and an isoelectric point of the composite metal ox- 
ide is more than 3.5. Preferably, the molar ratio Ce/Zr is 



within a range from 3/7 to 7/3 and the isoelectric point 
is within a range from 3.8 to 5.0, and the cerium-zirco- 
nium composite metal oxide contains a rare earth metal 
(excluding Ce) in a concentration of less than 15% by 
mole based on the total mole number of metal in the 
composite metal oxide. Also the present invention pro- 
vides a cerium-zirconium composite metal oxide, char- 
acterized in that Ce0 2 fomns a core surrounded by Zr0 2 . 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

rO0O1 1 The present invention relates to a cerium-zirconium composite metal oxide and, more particularly, to a cerium- 
zirconium composite metal oxide which is suitable for use as a promoter for an exhaust gas purifying catalyst for an 
internal combustion engine. 

2. Description of the Related Art 

TO0021 Exhaust gas emitted from an internal combustion engine such as an automobile engine includes such sub- 
stances as nitrogen oxides (NOx), carbon monoxide (CO) and hydrocarbons (HC). These harmful substances can be 
is neutralized by means of a three-way catalyst which oxidizes CO and HC and reduces NOx into 0 2 . 

f0003] Such a three-way catalyst is generally composed of a support made of an oxide such as y-alum.na, and a 
catalyst component consisting of a noble metal such as platinum (Pt), palladium (Pd) or rhodium (Rh) supported on 

lo0041 PP( | norder for the oxidation of CO and HC and reduction of NOx to proceed efficiently on the three-way catalyst, 

20 it is necessary that the air-fuel ratio in the internal combustion engine is properly controlled and that the composition 
of the exhaust gas lies within a narrow, particular range. In reality, however, the composition of the exhaust gas expe- 
riences some variations due to such factor as a delay in the operation of a control system, and may deviate out of the 

above-mentioned narrow range. 

[00051 In a cerium-zirconium composite metal oxide, Ce atoms can change the valence thereof between 3 and 4. In 

25 an oxidizing atmosphere including a relative V large amount of 0 2 the Ce atom changes the valence from 3 to 4 and 
absorbs oxygen, while in a reducing atmosphere containing a relatively large amount of CO and HC the Ce atom 
changes the valence from 4 to 3 and releases oxygen, thus demonstrating an oxygen storage capacrty (OSC). 
r00061 Therefore including the cerium-zirconium composite metal oxide in an exhaust gas purifying catalyst has an 
effect of mitigating the variations in the exhaust gas composition in the vicinity of catalyst component, thereby causing 

30 the purification of exhaust gas to proceed more efficiently. 

r00071 In addition, absorption of oxygen by the cerium-zirconium composite metal oxide is accompanied by the gen- 
eration of a significant amount of heat, and the heat can be used to warm up the catalyst when starting up the engine, 
thus making it possible to shorten the time before the catalyst is activated. For this reason, the cerium-zirconium com- 
posite metal oxide is used as a promoter for an exhaust gas purifying catalyst 

35 r0008] Prior art related to the cerium-zirconium composite metal oxide includes those disclosed in Japanese Unex- 
amined Patent Publication (Kokai) No. 10-194742 and in Japanese Unexamined Patent Publication (Koka.) No. 
6 279027 

T00091 However the cerium-zirconium composite metal oxide has a drawback that the oxygen storage capacity de- 
creases after it has been exposed to a high temperature of about 1 000»C ormore for a long period of time, thus showing 
40 an insufficient durability. 

SUMMARY OF THE INVENTION 

[001 0) Accordingly, an object of the present invention is to provide a cerium-zirconium composite metal oxide having 
45 improved durability at high temperature and showing a stable oxygen storage capacrty. 

rooi 1 ] The object described above can be achieved by a cerium-zirconium composite metal oxide characterized in 
that the total mole number of Ce and Zr is at least 85% based on the total mole number of metal in the composite metal 
oxide, a molar ratio Ce/Zr is within a range from 1/9 to 9/1 , and an isoelectric point of the composite metal ox.de is 

so roOlV^lnother word, the present invention provides a cerium-zirconium composite metal oxide which has a specific 
composition and, especially, has an isoelectric point more than 3.5. 

r0013l The term "isoelectric point" is a characteristic value measured on the basis of electrophoresis of particles 
contained in a slurry, and the isoelectric point of Ce0 2 is 2.4 and the isoelectric point of ZrO a is 4.0 according to a 
method specified in the present invention. Accordingly, the cerium-zirconium composite metal oxide of the present 
55 invention is characterized in that it has a value of isoelectric point near to that of Zr0 2 while containing both Ce0 2 and 

m014l The cerium-zirconium composite metal oxide of the present invention has a value of the isoelectric point 
significantly higherthan that of the cerium-zirconium composite metal oxide of the prior art which has similar proport.ons 



2 



BNSDOCIO. <EP 1S168SSA1_I_> 



EP 1 516 855 A1 



of Ce0 2 and ZrO z . An exhaust gas purifying catalyst which has Pt supported on such a cerium-zirconium composite 
metal oxide has durability significantly improved over that of the prior art. invents™ 
raoiS] B asedonthesefact S> itisconslderedth^ 

has such a constitution as the constituent particles thereof are made mainly of ZrO a in the outer layer and I mainly of 
5 Ce0 2 inside, as shown in Fig. 1 , and this constitution is stabilized when a trace of element selected from among rare 

rMier^aSteJ^s^fS present invention provides a cerium-zirconium composite metal oxide, characterized 
[n that the total mole number of Ce and Zr is at least 85% based on the total mole number of metal in the composrte 
metal oxide and Ce0 2 forms a core surrounded by Zr0 2 . 
io £oi7] Wh en the particles of cerium-zirconium composrte metal oxide are made of CeQ 2 and ZrO a in such a consti- 
tution as described above, it is considered that Zr0 2 having high heat resistance maintains the form of particles of 
cenlm zirconium composite metal oxide so that CeG 2 existing inside and/or Ce0 2 - ZrG 2 in the border reg.on between 
the inside and the outer layer are made stable with time, thereby demonstrating the satisfactory oxygen storage ca- 
rs [0018] It is to be understood that Fig. 1 shows a mere model and is not intended to limit the present invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 
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[0019] 

Fia 1 shows a model of a cerium-zirconium composrte metal oxide of the present invention. 
Fig. 2 is a graph showing a relationship between the P H and the zeta potential in the measurement of an .soelectnc 
point. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENT 

r0020] The present invention provides a cerium-zirconium composrte metal oxide, characterized in that the total mole 
number of Ce and Zr is at least 85% based on the total mole number of metal in the composite metal oxide a molar 
ratio Ce/Zr is within a range from 1 /9 to 9/1 . and an isoelectric point of the composite metal oxide is more than 3.5 and, 
30 more preferably, the molar ratio Ce/Zr is within a range from 3/7 to 7/3 and the isoelectric point is within a range from 

[0021] 5 '°in the present invention, the isoelectric point is defined as a value measured by the stop watch method, a 
version of the electrophoretic microscope method specified in JISR1 638. J7i , mau 

r0022] The cerium-zirconium composite metal oxide refers to an oxide which contains at least Ce and Zr and may 

35 also contain another additional metallic element. The additional metallic element may be selected from i among a iw.de 
range comprising s-block metals, d-block metals, p-block metals and f-block metals, such as sod.um (Na), potassium 
(K) magnesium (Mg), calcium (Ca). barium (Ba). strontium (Sr), lanthanum (La), yttrium (Y), cerium (Ce), praseodyrn- 
Lm (PO, neodymium (Nd), samarium (Sm), europium (Eu), gadolinium (Gd). titanium (TT), tin (Sn) z.rconium (zr), 
manganese (Mn). iron (Fe), cobalt (Co), nickel (Ni), chromium (Cr), niobium (Nb). copper (Cu), vanad.um (V). molyb- 

40 denum (Mo), tungsten (W), zinc (Zn), aluminum (Al), silicon (Si) and tantalum (Ta). 

f0023] The additional metallic element mentioned above is preferably at least one of rare earth metals such as La 
Y, Ce, Pr, Nd, Sm, Eu and Gd, and is contained in a concentration less than 15% based on the total mole number of 
metal in the cerium-zirconium composite metal oxide. 

[0024] When such a rare earth metal is used as the additional metallic element, it is considered that Zr0 2 which 
45 surrounds the core is especially stabilized. , 

r00251 The cerium-zirconium composite metal oxide of such a constitution is preferably produced by using a ceria 
sol as a source of cerium and is obtained by mixing the ceria sol and a zirconium compound solution or a zircon.a sol, 
and preferably a solution of a compound of the additional metallic element or a sol thereof in a predetemn.ned proport.on 
to prepare a suspension, and then drying and firing the suspension. J - , 

so r 0 0261 The term "sol" in ceria sol and zirconia sol refers to colloid of an oxide or hydrate which is dispersed in a I quid, 
particularly in water, which can produce a metal oxide such as ceria or zirconia when fired. Specifically, the sol may 
be a material which is obtained by hydrolyzing alkoxide, acetyl acetonato, acetate, nitrate or the like of such element 
as cerium or zirconium in a solution. . 

[00271 The zirconium compound solution may be, for example, an aqueous solution of z.rcon.um oxyn.trate ZrO 
55 fNO,W2HoO, zirconium oxide ZrCI 4 or the like. 

0028] The material is fired, for example, in an air atmosphere at a temperature from 600 to 900°C for several hours. 
The cerium-zirconium composite metal oxide thus prepared is processed in a grinding process as requ.red, and .s 
provided with a noble metal such as platinum, palladium or rhodium supported thereon, thereby making the exhaust 
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gas purifying catalyst. 

[0029] The exhaust gas purifying catalyst can demonstrate high and stable exhaust gas punfying performance with- 
out degradation of the oxygen storage capacity even when exposed to a high temperature of about 1000°C. 
[0030] The following Examples further illustrate the present invention. 

5 

EXAMPLES 
Example 1 

w [0031] A solution prepared by dissolving 41 .1 6 g of zirconium oxynitrate and 6.48 g of yttrium nitrate in 100 g of ion- 
exchanged water was added to 193.33 g of a ceria sol (containing 15% by weight of Needral U-15, manufactured by 
TAKI CHEMICAL CO., LTD. as Ce0 2 ) and stirred to prepare a uniform suspension. 

[0032] The suspension was heated at 1 20°C for 24 hours to evaporate water, and then fired at 700°C for 5 hours to 
obtain a cerium-zirconium composite metal oxide of the present invention having the following composition (weight 
is ratio). 

Ce0 2 /Zr02/Y 2 0 3 = 58/38/4 

20 [0033] Then, 50 g of this composite metal oxide was dispersed in 300 g of ion-exchanged water to prepare a slurry. 
Then, 11.36 g of an aqueous solution of a diamminedinitroplatinum complex (Pt concentration: 4.4% by weight) was 
added to the slurry, followed by stirring for 2 hours. 

[0034] The slurry was then heated at 1 20°C for 24 hours to evaporate water, and fired at 500°C for 2 hour to obtain 
an exhaust gas purifying catalyst comprising a cerium-zirconium composite metal oxide of the present invention and 
25 1% by weight of Pt supported on the cerium-zirconium composite metal oxide. 

Example 2 

[0035] A solution prepared by dissolving 6.48 g of yttrium nitrate in 50 g of ion-exchanged water and 95 g of a zirconia 
30 sol (containing 20% by weight of Zirconia HA, manufactured by Daiichi Kigensokagaku Kogyo Co., Ltd. as Zr0 2 ) were 
added to 1 93.33 g of the ceria sol described above and stirred to prepare a uniform suspension. 
[0036] The suspension was heated to evaporate water in the same manner as in Example 1 , and then fired at 700°C 
for 5 hours to obtain a cerium-zirconium composite metal oxide having the following composition (weight ratio) of the 
present invention. 
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Ce0 2 /Zr0 2 /Y 2 0 3 = 58/38/4 



[0037] Then, in the same manner as in Example 1,1% by weight of Pt was supported on the composite metal oxide 
40 using the diamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the present invention. 

Example 3 

[0038] A solution prepared by dissolving 6.48 g of yttrium nitrate in 50 g of ion-exchanged water and 154.5 g of a 
45 zirconia sol (including 12.5% by weight of Zirconia AC7 manufactured by DAIICHI KIGENSO KAGAKU KOGYO CO., 
LTD. All as Zr0 2 ) were added to 1 93.33 g of the ceria sol described above and stirred to prepare a uniform suspension. 
[0039] The suspension was heated to evaporate water in the same manner as in Example 1 , and then fired at 700°C 
for 5 hours to obtain a cerium-zirconium composite metal oxide having the following composition (weight ratio) of the 
present invention. 



Ce0 2 /Zr0 2 A f 2 0 3 = 58/38/4 



[0040] Then, in the same manner as in Example 1,1% by weight of Pt was supported on the composite metal oxide 
55 using the diamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the present invention. 
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Example 4 

r0041l A solution prepared by dissolving 34.66 g of zirconium oxynitrate, 3.99 g of lanthanum nitrate and 8.94 g of 
praslodymfur^Ze in 300 got ion-exchanged water was added to 193.33 g of the ceria so. descnbed above and 

5 «^ water in the same manner as in Example 1 , and then fired at 700'C 

!o?5 hou^to obtSn a cenL-zirconium composite metal oxide having the following composKion (weight rat.o) of the 
present invention. 

10 CeOj./ZrO-j/La-.CyPrgO, , = 58/32/3/7 

r0043] Then, in the same manner as in Example 1,1% by weight of Pt was supported on the composite metal oxide 
u Jng the diamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the present invention. 
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Comparative Example 1 

[0044] A solution was prepared by dissolving 73.1 65 g of cerium nitrate, 41 .1 6 g of zirconium oxynitrate and 6*8 g 
S y^ um nitrate in 500 g' oi '^exchanged water. Ammonia water having a concentration added 
dropwise to the solution to adjust the pH value to about 9, thereby to obta.n a precipitate by coprec.p.tafon^ 
[0045] The solution containing the precipitate was heated to evaporate water in the same J™™" ™ f"*^ 
and then fired at 700-C for 5 hours to obtain a cerium-zirconium composite metal ox.de havng the following composition 
(weight ratio) of the Comparative Example. 

25 Ce0 2 /Zr02/Y 2 O3 = 58/38/4 

[0046] Then, in the same manner as in Example 1,1% by weight of Pt was supported on me composite m etal oxide 
using the diamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the Comparative Example. 

30 

Comparative Example 2 

[0047] A solution was prepared by dissolving 73.17 g of cerium nitrate, 34.66 g of zirconium oxynitrate, 3.99 g of 
lanthanum nitrate and 8.94 g of praseodymium nitrate in 500 g of ion-exchanged water. 

00481 A State was produced from the solution by ccprecipitation to evaporate water in the same manner as .n 
Example 1 and then fired at 700-C for 5 hours to obtain a cerium-zirconium composite metal oxide having the following 
composition (weight ratio) of the Comparative Example. 

Ce0 2 ^r0 2 /La 2 0 3 /Pr 6 0 11 = 58/32^7 

r00491 Then in the same manner as in Example 1,1% by weight of Pt was supported on the composite metal oxide 
She ^iamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the Comparative Example. 

45 Comparative Example 3 

[0050] 29 g of cerium oxide powder was dispersed in 500 g of ion-exchanged water, and then a .solution prepared 
by dissolving 41.16 g of zirconium oxynitrate and 6.48 g of yttrium nitrate in 200 g of ,on-exchanged water was added 

50 ^Z^E^SZ** to the slurry to adjust the pH value to about 9 in the same manner as 
in Comoarative Example 1 to produce a precipitate containing zirconium and yttnum. 

OO52T CsluW was heated to evaporate water, and then fired at 700-C for 5 hours to obtain a cenum-z.rcon.um 
composite metal oxide having the following composition (weight ratio) of the Comparative Example. 

55 Ce0 2 /Zr0 2 /Y 2 0 3 = 58/38/4 

[0053] Then, in the same manner as in Comparative Example 1,1% by weight of Pt was supported on the composite 
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metal oxide using the diamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the Comparative 
Example. 

Measurement of isoelectric point 

[0054] Values of isoelectric point of the samples of cerium-zirconium composite metal oxide produced in Examples 
1 to 4 and Comparative Examples 1 to 3 were measured by the stop watch method, a vers.cn of the electrophone 
microscope method specified in JIS R1 638. The results are summarized in Table 1 . 

rO0551 A relationship between the P H and the zeta potential measured so as to determine the .soelectnc po.nl by 
52e mLCrinTm^hod described above for the cerium-zirconium composite metal oxide of Example 1 and Comparafve 
PYamDle 1 CeOo Dowder and ZrOo powder are shown in Fig. 2. 

S Thesf resuTs show a cleaVdifference in the isoelectric point of the cerium-zirconium 

between the Examples and the Comparative Examples. The Examples showed .soelectnc po.nts near that of Zr0 2 

oowder while the Comparative Examples showed isoelectric points near that of Ce0 2 powder. 

raosTI As the compositions of the cerium-zirconium composite metal oxide were the same between Examples 1 to 

3 an?com P arat^ Examples 1 and 3, and Example 4 and Comparative Example 2, the difference desenbed above 

fs consSd to be attributed to the form of CeQ 2 and ZrO a . It is believed that the Examples showed the isoe.ectnc 

poS n£r tha, o, Z r o 2 powder since the cores made of Ce0 2 are surrounded by ZrD 2 in the Examples as shown .n 

Fig. 1. 

Evaluation of catalyst performances 

[0058] Thesamp.esofcerium-zirconiumcomposl^ 

1 to 3 were compressed and crushed to make pellets about 2 mm in diameter. About 2.0 g of each of the samples was 
taken and tested to evaluate catalyst performances. 

[0059] ^exhaust gas purilyingcatelystswerefiredatlOOO'CforShounsforthepu^oseof c^mpanngthedurab.lrty. 
before the evaluation of catalyst performances. , U n M n=n^rn 

[0060] Evaluation test was conducted by measuring the rate of neutral.z.ng the components C 3 0 6 (HC) NO and CO 
while raising the catalyst bed temperature at a rate of 1 0°C /minute up to 400°C, and changmg between carbon nch 
Is and leaS gas having compositions shown in Table 1 at intervals of one minute, so that any drfference m the oxygen 
storage aSS can be observed distinctly. The catalytic performances were evaluated in terms of the temperature 
at which 50% of the component was neutralized. The test results are summanzed in Table 2. 

(Table 1) 



Gas composition for evaluation 










N 2 (%) 


co 2 (%) 


NO (ppm) 


CO (%) 


C 3 H 6 (ppmC) 


H 2 (%) 


o 2 (%) 


H 2 0 (%) 


Rich gas 


Balance 


10 


2200 


2.80 


2500 


0.27 


0.77 


10 


Lean gas 


Balance 


10 


2200 


0.81 


2500 


0 


1.7 


10 
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(Table 2) 



Results of the measurement of catalyst performances and isoelectric point 





Composition 


Weight ratio 


HC 


NO 


CO 


Isoelectric point 


Example 1 


Ce-Zr-Y-O 


58/38/4 


234 


266 


180 


4.2 


Example 2 


Ce-Zr-Y-O 


58/38/4 


253 


286 


221 


3.9 


Example 3 


Ce-Zr-Y-O 


58/38/4 


263 


301 


216 


4.1 


Example 4 


Ce-Zr-La-Pr-O 


58/32/3/7 


245 


270 


201 


4.0 


Comparative Example 1 


Ce-Zr-Y-O 


58/38/4 


280 


308 


242 


2.5 


Comparative Example 2 


Ce-Zr-La-Pr-O 


58/32/3/7 


269 


303 


253 


2.2 


Comparative Example 3 


Ce-Zr-Y-O 


58/38/4 


302 


366 


299 


3.3 



[0061] Acerium-zirconium composite metal oxide having improved durability at high temperature and astable oxygen 
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storage capacity is provided. The cerium-zirconium composite metal oxide is characterized in that the total mole number 
of Ce and Zr is at least 85% based on the total mole number of metal in the composite metal ox.de. a molar ratio Ce/ 
Zr is within a range from 1/9 to 9/1 . and an isoelectric point of the composite metal oxide is more than 3.5. Pre<erabfy 
the molar ratio Ce/Zr is within a range from 3/7 to 7/3 and the isoelectric point is with n a range from , 3.8 to *0, and 
he cerium-zirconium composite metal oxide contains a rare earth metal (excluding Ce) in a concentration of less than 
1 1 5% S mole based on the total mole number of metal in the composite metal oxide. Also the present .nvent.on provides 
a cerium-zirconium composite metal oxide, characterized in that CeCv, forms a core surrounded by ZrQ 2 . 



io Claims 
1 
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A cerium-zirconium composite metal oxide, characterized in that the total mole number of Ce and Zr is at least 
85% based on the total mole number of metal in the composite metal oxide, a molar ratio Ce/Zr is wrth.n a range 
from 1/9 to 9/1 , and an isoelectric point of the composite metal oxide is more than 3.5. 

2. The cerium-zirconium composite metal oxide according to claim 1 , wherein the molar ratio Ce/Zr is within a range 
from 3/7 to 7/3 and the isoelectric point is within a range from 3.8 to 5.0. 

3 The cerium-zirconium composite metal oxide according to claim 1 or 2, which contains rare earth metal (excluding 
' ce) in a concentration of less than 1 5% by mole based on the total mole number of metal in the composite metal 

oxide. 

4 A cerium-zirconium composite metal oxide, characterized in that the total mole number of Ce and Zr is at least 
' 85% based on the total mole number of metal in the composite metal oxide and CeO a forms a core surrounded 

25 by ZrO z . 

5. The cerium-zirconium composite metal oxide according to claim 4, wherein the Ce0 2 core has a diameter within 
a range from 5 to 20 nm. 

30 6. An exhaust gas purifying catalyst comprising the cerium-zirconium composite metal oxide of any one of claims 1 
to 5 and a noble metal supported on the cerium-zirconium composite metal oxide. 

7 A method for synthesizing the cerium-zirconium composite metal oxide of any one of claims 1 to 4, which comprises 
' mixing a ceria sol and a zirconium compound solution or a zirconia sol to prepare a suspension, and drying and 
35 firing the mixture. 
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Fig.l 




Fig.2 



RELATIONSHIP BETWEEN pH AND ZETA POTENTIAL 
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